Background: Care processes for patients with NSCLC can vary by provider, which may lead to unwanted variation in outcomes. Therefore, in modern health care an increased focus on guideline development and implementation is seen. It is expected that more guideline adherence leads to a higher number of patients receiving optimal treatment for their cancer which could improve overall survival.
Introduction
In literature a plethora of studies describes hospital volume as an important predictor of surgical outcomes.
Most of these studies evaluate the inverse relationship between volume and adverse surgical outcomes, like postoperative complications and mortality (1) . Only few authors address the mechanisms which lead to these differences. Intermediate outcomes, like the percentage of patients receiving potentially curative treatment for their cancer, could explain differences in survival. Moreover, other hospital characteristics reflecting the setting in which care is delivered to cancer patients, could be equally important predictors of outcome as hospital volume.
The variation of care processes by caregiver is widely recognized and can sometimes lead to unwanted variation in patients outcomes. Therefore, in modern health care an increased focus on guideline development and implementation is seen. It is expected that more guideline adherence leads to a higher number of patients receiving optimal treatment for their cancer which could improve overall survival. Moreover, evaluating differences in guideline adherence between hospitals can reveal the reasons behind the differences in outcome and can identify best practices with better outcomes.
Differences in guideline adherence have been described for patients with Non small cell lung cancer (NSCLC) in several countries (2) (3) (4) (5) . In the Netherlands, lung cancer is the second common tumour in men and the third in women, with an incidence of 71 and 31 per 100,000 person years in 2007, respectively (European Standardized Rate) (6) . In 2007, 10,533 patients were diagnosed with lung cancer and in eighty percent it concerned NSCLC. Only 14% of patients diagnosed with NSCLC in the Netherlands survive 5 years.
Unfortunately, these survival figures have not improved in the last decades (6) . While the incidence of NSCLC in men is decreasing since the early eighties, it has been rising in women until 1999. Fortunately, recent reports predict the end of this lung cancer epidemic in women, meaning an overall decrease in lung cancer patients in the near future (7) .
In 2004 the first Dutch National Guideline on NSCLC was introduced (www.oncoline.nl). The main reasons for development of this evidence-based guideline were the introduction of PET-scanning in staging NSCLC, induction chemotherapy in locally advanced NSCLC, and concurrent chemoradiation in stage III NSCLC.
According to this guideline surgical resection is the preferred treatment in patients with stage I or II NSCLC, M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 who are fit to undergo surgery. Under the guidelines valid in our study period, surgery is also the treatment of choice in patients with limited stage III disease (T1-3N1). Patients with more advanced stage III NSCLC (cT4 and/or cN2 or cN3) should be treated with a combination of radiation therapy and chemotherapy (chemoradiation), if their performance score is sufficient (WHO-score 0-1). Chemoradiation is given in a concurrent regimen or sequentially. In general, stage III patients with malignant pleural effusions or tumour volumes too extensive for radiation treatment are no candidates for this combined modality therapy and are treated like stage IV patients with a platinum based chemotherapy regimen and / or best supportive care.
The aim of this study was to evaluate variations in treatment patterns and outcomes of patients with NSCLC treated in different (types of) hospitals and regions in the Netherlands. Especially, variation in the percentage of patients receiving optimal treatment for the stage of their disease, according to the Dutch national guidelines, was analyzed.
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Patients and Methods
Netherlands Cancer Registry
In the Netherlands, all newly diagnosed malignancies are registered in the nationwide population-based (11) and completeness is estimated to be at least 95%. (12) Patients All patients with a histological confirmed primary NSCLC diagnosed in the period 2001-2006 were selected from the NCR. Excluded from analysis were clinical diagnosis (no pathology), autopsy findings, sarcomas, lymphomas, neuro-endocrine and carcinoid tumours. Moreover, patients living abroad and cases with an incomplete registration status in the NCR (<1%) were excluded from analyses. Stage grouping was done according to TNM classification, 6th edition.
Hospitals and regions
Patients treated in all 97 hospitals in the Netherlands were included in this analysis. Hospitals were divided in groups based on their teaching status, availability of radiotherapy facilities, annual amount of NSCLC diagnoses (hospital volume) and their region. For the analyses concerning treatment, type of hospital was based on the hospital where the tumour was diagnosed reasoning that referral of patients is good care as
well. For the analyses on postoperative mortality and survival, type of hospital was based on the hospital where the resection was performed.
Hospitals were categorized in three groups: non-teaching, teaching and academic. A teaching hospital was defined as a hospital which provides medical training to residents. A distinction was made between a teaching hospital for chest physicians and thoracic/lung surgeons. In the group of teaching hospitals for thoracic/lung surgeons all academic hospitals were included in the teaching hospital group. Academic hospitals are teaching hospitals affiliated with a university. The one specialized oncology centre in the Netherlands was also classified as an academic hospital as well.
Radiotherapy is an essential part of the treatment of patients with stage III NSCLC. In the Netherlands there are 24 hospitals with radiotherapy facilities and 73 hospitals without a radiotherapy department. These hospitals are affiliated with a radiotherapy department on a different location. All radiotherapy departments treat patients with NSCLC. Hospitals were categorized as having radiotherapy facilities in the same location or not.
Hospital volume stands for the mean number of NSCLC diagnoses per year or for the mean number of lung resections per year. Hospital volume was categorized in 3 groups: less than 50, 50-100 and more than 100
diagnoses per year. In the period 2005-2006, 88% of the patients were operated in the hospital were the tumour was diagnosed.
In addition, hospitals were categorized according to their Comprehensive Cancer Centre region (9 groups). Since clinical stage determines treatment policies for NSCLC, the cTNM was used in the analysis concerning the treatment policies. For the analysis concerning the outcome after resection the pathological stage (pTNM) was applied. During the study period PET-scanning was introduced gradually as an addition to traditional clinical staging in NSCLC patients. Effectiveness and stage migration effects of PET-scanning were reported in a Dutch randomized study (13) . A report on cost-effectiveness and availability of PET-scanning showed an unequal distribution across the Netherlands in 2005-06 of mobile units aimed especially for staging of localised lung cancer (14) .
Treatment
Treatment was categorized by resection (pneumonectomy, lobectomy or segmentectomy), radiation therapy, chemotherapy or combined modality treatment (chemoradiation). Chemoradiation was defined as radiation therapy combined with chemotherapy given concurrent or sequentially. Treatment was described as percentages per clinical stage and age group (<75 years and ≥75 years).
The optimal treatment ratio was defined as the percentage of patients receiving optimal treatment by stage of the disease according to the Dutch guideline of 2004(15): resection for stage I and II patients, chemoradiation (possibly followed by resection) for stage III patients and chemotherapy for stage IV patients. Resection ratios of stage IIIa patients, usually part of combined modality therapy was investigated separately.
Statistical analyses
Logistic regression analysis was performed to examine the influence of age at diagnosis (<60, 60-74, 75+), gender, tumour size and invasion (cT), type of hospital of diagnosis (academic, teaching, general), radiotherapy facilities (same versus different location), hospital volume (<50, 50-100, >100), CCC-region and year of diagnosis on the odds of receiving optimal treatment per stage as described above.
Performance of the individual hospitals for these optimal treatment rates was exhibited in funnel plots using 95% control limits calculated around the mean.(16) Each hospital was displayed as a scatter point presenting the rates of optimal treatment, i.e. resection for patients with stage I and II disease (adjusted for age, gender Follow-up was calculated as the time from diagnosis to death or to 1 st January 2008. Cox proportional hazard modelling was used to investigate the relation between resection and survival in patients with stage I and II disease, adjusted for age at diagnosis, gender, T-stage and year of diagnosis. Furthermore, this analysis was used to determine the relation between the resection rate of hospitals and overall survival. The hospitals were split into 3 groups based on their resection rate in the funnel plot: higher than the 95% control limit, within the 95% control limits or below the 95% control limit. STATA (version 10.0) was used and a p-value of 0.05 was considered as being significant.
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Results
In the period 2001-2006, 43,544 patients (69% male) were diagnosed with primary NSCLC (table 1) . During the study period the annual number of new NSCLC diagnoses increased from 6,774 patients in 2001 to 7, 853 in 2006 (16%). The rise in incidence was much higher in women than in men, 45 and 5% respectively and occurred largely at middle age, contrasting the situation in males. Twenty-five percent of NSCLC patients were older than 75 years at the time of diagnosis. During the study period there has been a minor shift from clinical stage I and II disease to the more advanced stages, especially stage IV (Figure 1a ). Table 2 shows the distribution of patients between the different types of hospitals and their CCC region. The majority of the patients with NSCLC were diagnosed in general hospitals without training status for chest physicians (68%) or thoracic surgeons (84%). Only 18% of the patients were diagnosed in a centre with radiotherapy facilities and 9% in an academic centre. About 54% of the patients were diagnosed in 32 hospitals with an annual diagnostic volume of more than 100 cases with NSCLC.
Treatment
Primary surgery i.c. resection of the tumour through pneumonectomy, lobectomy or segmentectomy, was performed in 23% of all NSCLC patients, being 60% for patients with clinical stage I or II (Figure 1b ). The others received radiotherapy, either with or without chemotherapy. A substantial number of patients received no oncological therapy at all, being 25% in stage I and II patients older than 75 years. In only 43% of these elderly the tumour was resected. This percentage increased only slightly during the study period. In the younger patient group (<75 years), a resection was performed in 79% of the patients.
Stage I and II
Logistic regression confirmed this role of age in the chance of a resection; in stage I and II patients older than 75 years the OR of a resection is 0.09 (95%CI 0.08 -0.11, p=0.000). Also, the size of the tumour, expressed in T stage, was important. Nevertheless, the chance of resection did not only depend on patient-and tumourcharacteristics. Patients with clinical stage I or II disease more often had a resection of their tumour in
hospitals with a teaching status for thoracic surgeons (OR 1.5; 95%CI 1.2 -1.9, p=0.001) and in hospitals with a diagnostic volume of more than 50 NSCLC patients a year (OR 1.3; 95%CI 1.1 -1.5, p=0.001). Marked differences in resection rates appeared between groups of hospitals and regionally. The chance of a resection for stage I or II NSCLC ranged from an OR of 2.0 in one region (95%CI; 1.6 -2.4, p=0.000) to 0.77 in another (95%CI 0.63 -0.91; p=0.004). Figure 2 shows differences in resection rates between individual hospitals from 75 to 93% for hospitals with accredited training of thoracic surgeons and from 54 to 97% for hospitals without training facilities. Higher age and advanced tumour size were the most important factors to abandon chemoradiation ( Table   3 ).The odds of receiving chemoradiation were lower when a patient was diagnosed in an academic centre.
Chemoradiation rates were not higher in high volume hospitals (>100 diagnoses a year) or in hospitals with radiotherapy facilities, except for hospitals training thoracic or lung surgeons (OR 1.6, CI 1.3-1.9). Also, regional differences in the use of chemoradiation were revealed, but they seemed larger between individual M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 11 hospitals, independent of their region, volume of NSCLC patients, teaching status or radiotherapy facilities ( Figure 3 ).
Patients younger than 75 years diagnosed with stage IIIa in an academic hospital (26%), teaching hospital (26%) or in radiotherapy centre (22%) had a resection of their tumour more often than patients in non teaching (15%) or hospitals without radiation facilities (16%). Resection rates in stage IIIa declined slightly during the study period (not significant), while combined treatment of stage IIIa disease with chemoradiation increased, from 24% in 2001 to 43% in 2006 (p=0.001). A multivariate analysis revealed marked regional differences in the percentage of patients having surgery for their stage IIIa NSCLC, varying between 9 and 25%.
Stage IV
The percentage of patients with stage IV NSCLC at primary diagnosis gradually increased during the study period from 38% in 2001 to 44% in 2006. The use of chemotherapy in the primary treatment of stage IV patients younger than 75 years also increased in this period, from 31% to 50% (p=0.001), but approximately 40% of stage IV patients received no active treatment. Hospital differences in the palliative use of chemotherapy in stage IV NSCLC were not a part of the current study.
Survival
Patients who underwent a resection for stage I or II disease had a significantly higher survival than patients without a resection (Figure 4) . Adjusted for age, gender, T-stage and year of diagnosis, overall survival of stage I and II patients was significantly higher in hospitals with a higher resection rate and significantly lower in hospitals whose resection rate was lower than the group of hospitals within the 95% control limits of the funnel plot of figure 2 (HR 0.88, 95%CI 0.83-0.93 and HR 1.15, 95% CI 1.07-1.24, respectively). Though, no differences were found in overall survival for patients who underwent resection in the hospitals with high and with low resection ratios.
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Discussion
The introduction of a national evidence-based guideline in 2002, appears to have had several effects on staging and patterns of care for NSCLC patients in our country. Especially the routine use of PET-scanning in the work-up of patients for curative therapy led to an increased number of patients with stage IV at diagnosis.
In addition, recommendations on the use of chemoradiation for stage III patients led to an increased utilization of radiotherapy combined with chemotherapy, concurrent or sequentially. Nevertheless this study reveals marked variation in treatment patterns and outcome of patients with NSCLC in our country. Not only are these differences influenced by patient or tumour characteristics, also the hospital of diagnosis seems to affect the treatment given. On the level of the individual hospital resection rates in stage I / II patients varied between 54 and 97 percent. The administration of potentially curative chemoradiation in stage III patients varied from less than 10 to more than 40 percent. These differences were only sporadically explained by structural differences between hospitals, like their teaching status or the availability of radiotherapy facilities. Nevertheless, the variation in optimal treatment rates identified in this study could mean that there's room for further improvement in the treatment of NSCLC patients in our country, possibly leading to actual survival benefits.
Inequality in the treatment of NSCLC has been addressed in many publications. Several patient factors are associated with lower odds of undergoing a potentially curative treatment for lung cancer. Higher age is the most important factor, but in studies from the United States as well as Europe gender, comorbidity, race, socio-economic status, region or country of origin have also proven to be predictive (17) (18) (19) (20) (21) (22) . These inequalities are not only due to decreased access to care, but also differences in physicians' treatment choices and differences in guideline implementation and adherence are believed to be of influence. Whereas active treatment of NSCLC patients appeared to be strongly associated with better survival, studies from Yorkshire and the Southeast of England (15, 16 ) demonstrated wide regional variations in the use of active treatments like surgery and radiotherapy (23;24) . In one of these studies the use of any active treatment in NSCLC patients, independent of stage, ranged from 15% in one area to 42% in another. Despite corrections for case-mix the reasons behind this variation stayed unclear, but if the first hospital visited was a radiotherapy centre, patients were more likely to receive any active treatment.
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In the present study, we analyzed the treatment compliance according to the Dutch evidence-based guidelines, not only at the regional level, but also on the level of the individual hospital. For early stage NSCLC (stage I and II) surgical resection by (bi)lobectomy or pneumonectomy is treatment of choice and for advanced stage NSCLC (stage III) a combined treatment with radiotherapy and chemotherapy (sequentially or concurrent) is the advised treatment.
After adequate staging, the best chances for survival in early stage NSCLC are obtained by surgical resection.
Despite, our study showed marked differences in resection rates between individual hospitals and regions.
Patients who were diagnosed in a (specialized) centre, with a training status for thoracic surgery, seem to have higher chances for resection. These results confirm the findings of a regional study from the Netherlands showing that patients diagnosed with stage I or II disease at specialized centres or higher volume hospitals are more likely to receive surgical therapy. These differences were seen in all age groups and led to a better survival of patients diagnosed in specialized centres than those that initially went to a community hospital (25) .
Our study confirms these observations, but we cannot exclude that selective referral of patients with a good performance status has taken place before their NSCLC was diagnosed. Moreover, variation was most prominent on the individual hospital level, with resection rates for early stage NSCLC varying between 55 and 100%. Also among teaching hospitals and specialized centres a wide range of variation was exhibited, between 64 and 89% and 75 and 93% respectively. Considering the results of our study, the choice for a teaching hospital or specialized hospital does not guarantee better care and guideline compliance.
In literature many reports have shown that resection rates and surgical outcome of patients with early stage NSCLC can be improved by treatment in experienced and specialized multidisciplinary teams (2;3;26;27). The combination of heightened awareness, more adequate staging, improved surgical skill and postoperative care might lead to better outcome. In this context, the inverse relationship between procedural volume and mortality has been studied extensively (24;28) . In our study half of the resections for early stage NSCLC were performed in low volume hospitals with an annual volume less than 20. Mortality hardly differed between lowand high volume hospitals, but ranged from 1% in the younger (< 60 years) to 8% in the oldest group (> 75 years). Opposite to our findings in high volume hospitals, a lower mortality rate was found in the specialized centres (1%). This is remarkable, considering the higher resection rates we found in elderly patients diagnosed with stage I and II NSCLC in the same centres. Patient selection for operative treatment as well as M A N U S C R I P T
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14 peri-operative management of the older patient could thus be better in specialized centres. Future 'in depth' studies could reveal the aspects of these care processes (best practices) that lead to these better outcomes and can be used to improve the care for older NSCLC patients in the whole field.
In contrast with the plethora of studies investigating the differences in surgical outcome, only a few studies have investigated institutional differences for non-surgical treatments. In stage III patients with a favourable performance status, a potentially curative treatment by a combination of radio-and chemotherapy is recommended. In our study the use of this chemoradiation increased for stage IIIa as well as for stage IIIb patients. Nevertheless, our study showed a wide variation in the use of chemoradiation between regions and individual hospitals (figure 3), without a clear explanation based on their (infra)structural characteristics. For example, the use of chemoradiation was not different between hospitals with or without radiotherapy facilities.
With the data available in the NCR, we can only suggest that differences in experience with the complex radiotherapy techniques and the nontrivial toxicity encountered in patients undergoing these treatments, is causing hospital variation in the use of chemoradiation.
Our study has several limitations. First, only a limited set of (infra)structural characteristics of hospitals was available. For example, during the study period PET-scanning was introduced gradually for the staging of NSCLC in the Netherlands from 2000 on (14) . Improved clinical staging in hospitals using PET-scans could have influenced outcome for different stages of the disease. The addition of PET to conventional workup can improve staging and prevents unnecessary surgery in one out of five patients with suspected non-small-cell lung cancer (13) . Though, in our study only a minor shift from early to advanced stages NSCLC was detected (Figure 1a ), the differential introduction of PET-scanning in the Netherlands can be a confounding factor for the survival analyses performed. as was shown for stage I-II patients diagnosed in groups of hospitals with low-and high resection rates.
In conclusion, treatment patterns and outcome of NSCLC patients vary by region and the hospital their cancer is diagnosed in. Though, resection rates are higher in hospitals training thoracic surgeons, variation between individual hospitals is much more distinct. Hospital characteristics like a high diagnostic volume, teaching status or availability of radiotherapy facilities proved no guarantee for optimal treatment compliance.
Therefore, initiatives to improve quality of care for NSCLC patients should focus on actual differences in treatment patterns and outcome between hospitals, instead of using hospital characteristics as proxies for high quality of care. In addition, 'in depth' prospective documentation studies or medical audits could reveal high leverage processes of care that lead to the better outcomes. This information creates the opportunity to optimize treatment of NSCLC patients and move the medical field forward. 
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